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Machine Setup

Fully Enclosed Class IV Laser Cabinet
140 W CO,, Laser, 10600nm.
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Glass Properties

Unique Properties Supercooled

o

Shrinkage due

« Amorphous

@
]
=

g
o

g

i

* No distinct liquidus transition

» Optically transparent to most wavelengths
» Chemically resistant

* In-expensive feedstock Temperature

» Processed in air | [1]

Main Disadvantages

* Poor ductility

« Weak to thermal stress and shock from
high temperature gradients

« Low thermal conductivity

 Brittle failure mode

‘@ h?{ﬁ ﬁ!gm&?ﬁ 7/29/2021 4



Opportunities in Glass Additive Manufacturing
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§ilt e
d Custom chemical processing equipment ? ' ‘
U Optical elements
U Fiber optics

U Embedded sensing elements and
communications

VectorStock® ~ Vectorstock.com/35129206
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Control Systems

« LabVIEW VI utilizes custom G-code to
program machine tool paths and laser
sequences

 Active spectrograph and pyrometer data
feed

« Movement of build-plate must pull or side-
feed glass into molten pool

G Code Input ‘ Data Logging & Plotting Jog & Offset Settings ‘ Laser Control Settings ‘ Spectrum ‘ Parsed G Code Array | Errors & Others

Manual Stage Adjustment Work Offset
(Select Adjustment Grade) (Set New Offset & Offset #)

NewOffsct _ prits LASER ON/OFF 2
“sa (54-50) 54 -
Must Press Switch to

save new offset #

C Axis Offset Position  Scan Angle
Y - 1mm SetNew Offsets current for G10-13
5 0 X L' e
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Y 0for Fiber feeder
180 for Filament
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Co — Move to Work Pos.
Use Current Pos. Apply New Offset:
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= - (mm/deg) Move to Home Set Manually adjusted Must Press APPLY to
] Position as new offscts set new offsets

Fixed Filament

Feeder Position
Focused CO, Laser Beam

Supplies no extra force
" into exposed filament

Build Plate Movement >

Build Plate
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Process Monitoring 1 445.9°C

Pyrometer
— Measures temperature at build location

Thermal cameras
— Monitor build plate temperature
— Monitor build hot spot during printing

Spectrometer
— Emission spectrum of the process

Power meter
— Measures the laser power
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Current Progress ;
§11357.1°C

* Current Capabilities

— Single wall beads in Cartesian and circular
profiles

— Upto 5 layer walls
— Helical spirals
— Basic lattices

A1
1 912.6°C

—
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Optimizing parameters b I e /

* Failure Criteria
— Internal porosity

— Significant build-plate cracking
— Detachment from build-plate Failu! : Success

e Success
— Optically clear
— No significant defects
— Adherence to build-plate
— Good bead morphology
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Ongoing Research

* Thermal modeling of glass deposition
» Custom feedstock development

* Printed optics design and characterization testing
* Feedback control systems
» Fiber optics printing
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Questions
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